SUMMARY. Studies have shown that infectious bursal disease virus (IBDV) infects lymphoid cells, mainly B cells and macrophages. This study was aimed to examine the involvement of chicken splenic-derived dendritic cells (ch-sDCs) in specificpathogen-free chickens following inoculation with IBDV vaccine strain (D78) and a very virulent (vv) strain (UPM0081). Following IBDV infection, enriched activated ch-sDCs were collected by using the negative selection method and were examined based on morphology and immunophenotyping to confirm the isolation method for dendritic cells (DCs). The presence of IBDV on enriched activated ch-sDCs was analyzed based on the immunofluorescence antibody test (IFAT), flow cytometry, and quantitative real-time PCR (RT-qPCR) while the mRNAs of several cytokines were detected using RT-qPCR. The isolated chsDCs resembled typical DC morphologies found in mammals by having a veiled shape and they grew in clusters. Meanwhile, the expression of DC maturation markers, namely CD86 and MHCII, were increased at day 2 and day 3 following vvIBDV and vaccine strain inoculation, respectively, ranging from 10% to 40% compared to the control at 2.55% (P , 0.05). At day 3 postinfection, IBDV VP3 proteins colocalized with CD86 were readily detected via IFAT and flow cytometry in both vaccine and vvIBDV strains. In addition, enriched activated ch-sDCs were also detected as positive based on the VP4 gene by RT-qPCR; however, a higher viral load was detected on vvIBDV compared to the vaccine group. Infection with vaccine and vvIBDV strains induced the enriched activated ch-sDCs to produce proinflammatory cytokines and Th1-like cytokines from day 3 onward; however, the expressions were higher in the vvIBDV group (P , 0.05). These data collectively suggest that enriched activated chsDCs were permissive to IBDV infection and produced a strong inflammatory and Th1-like cytokine response following vvIBDV infection as compared to the vaccine strain. RESUMEN. Caracterización de las células dendríticas derivadas del bazo en pollos después de la vacunación o de la infección con cepas muy virulentas del virus de la enfermedad infecciosa de la bolsa.
In mammals, DCs exists as a heterogeneous population of cells with different origins, anatomical locations, and surface markers as well as functions (21) . Based on a mouse study, the progenitor of DCs can be classified as being of lymphoid or myeloid origin (1, 6) . The progenitor of DCs in chickens has not been well characterized. Thus far, DCs have been identified in different parts of the chicken lymphoid organs and tissues such as bone marrow, spleen, cecal tonsils, and Harderian glands (5, 7, 9, 41) . These DCs subset locations at the T and B cells regions of the lymphoid tissues suggest their involvement in antigen presentation as well as in activation of T cells.
Infectious bursal disease virus (IBDV) is the causative agent of infectious bursal disease (IBD; Gumboro disease), a difficult virus to control in commercial flocks because it is able to resist many disinfectants and is capable of causing high mortality, and it induces immunosuppression in susceptible chickens (36). Serotype 1 of IBDV field strains can be classified into various strains, namely classical, variant, and very virulent (vv), which mainly refer to the virus' virulence (12). In addition, classical live vaccine strains can be further classified into different types, based on the virus virulence, as intermediate strains such as D78 and intermediate plus strains such as 228E (14) . In general, different subtypes of serotype I IBDV have similar virus replication kinetics; however, virulent strains have higher virus replication compared to the less-virulent viruses. A higher replication rate is generally accompanied by massive cytokine expression that leads to more-severe clinical signs, hence resulting in more-severe clinical symptoms and lesions in the infected organs (35,36). Therefore, vvIBDV strains are generally able to trigger severe and acute pathological lesions that result in high mortality in susceptible chickens (38) . Meanwhile, mild and vaccine strains do not cause mortality or overt clinical symptoms; however, bursal lesions can be detected depending on the virulence of the virus (26).
During antigen exposure following infection or vaccination, immature DCs will capture the antigen in nonlymphoid tissues and migrate to the secondary lymphoid organs, such as spleen and cecal tonsils, where B and T cells are located for the induction of adaptive immune responses (32, 40) . The activated helper T cells play an important role in activating other cells such as natural killer cells (NK), eosinophils, and macrophages as well as antigen-specific cells such as B cells and CD8 cytotoxic T cells. As a result, these cells are recruited to migrate to the damaged or infected sites in order to prevent the infection from continuing to harm the host (28).
Direct isolation of immature DCs from secondary lymphoid organs of chicken is not possible because no definite markers are available; hence, this study characterized the involvement of chicken splenic-derived dendritic cells (ch-sDCs) following IBDV infection based on ex vivo study. In this study, enriched activated ch-sDCs based on the negative selection method were characterized and compared following inoculation with a vaccine strain and a vvIBDV strain. We hypothesized that ch-sDCs are activated following inoculation with vaccine and infection with vvIBDV strains in specific-pathogen-free (SPF) chickens and higher levels of proinflammatory and T helper (Th)-1 like cytokines should be detectable following vvIBDV infection as compared to the vaccine strain.
MATERIALS AND METHODS
Chickens and IBDV. A commercially available IBDV D78 vaccine strain (Nobilist, Merck Animal Health, Summit, NJ) and vvIBDV strain UPM0081 were used in this study. The viruses were propagated in SPF embryonated eggs following a previously described method with slight modification, where the eggs were inoculated with 10 6 EID 50 /ml (50% egg infectious dose) and incubated for 7 days (29). Previous studies based on molecular and pathogenicity characteristics confirmed that UPM0081 is a vvIBDV (34), and the sequence of VP2 of the virus can be accessed under GenBank accession number AY520910. The SPF embryonated chicken eggs were purchased from the Veterinary Research Institute (Ipoh, Malaysia) and incubated in an incubator and hatcher at 37 C with proper humidity and turning until hatching.
One-day-old hatched chicks were transferred to the Animal House Facility, Faculty of Veterinary Medicine, Universiti Putra Malaysia, Selangor, Malaysia. The chicks were fed ad libitum and received water ad libitum, which was exchanged by filtered fresh water twice a day, and with proper ventilation in the house. At 3 wk old, 80 chicks were divided into two groups and each group (n ¼ 40) was inoculated oculonasally with 10 4.4 EID 50 of D78 vaccine and UPM0081 vvIBDV, respectively (Fig. 1 ). Another group (n ¼ 10) was inoculated with sterile phosphate-buffered saline (PBS) and served as a control. Ten chickens per group were sacrificed each day, at day 0 for the control group and at days 1, 2, 3, and 5 for the infected groups. Spleens were collected for splenic DCs culture and viral load while bursal tissues were used for viral load and lesion score determination studies. All the procedures were approved by the Animal Care and Use Committee, Faculty of Veterinary Medicine, Universiti Putra Malaysia (UPM/IACUC/AUP-R051/2014).
In vivo: response of SPF chickens. Clinical signs, gross and histopathology examinations. All the chickens were observed for abnormalities daily for 5 days postinfection (pi). At days 1, 2, 3, and 5 pi, a postmortem was carried out and the gross lesions were assessed. For the bursal lesion score, bursa were fixed in 10% v/v neutral buffered formalin (Sigma-Aldrich, Singapore), embedded in paraffin, and sectioned and stained with hematoxylin and eosin following the method described by Fischer et al. (8) . Microscopically, the evaluation of bursa lesions was performed based on a method described by Sharma et al. (30) .
Quantification of viral load in spleen and bursa of Fabricius. For viral load determination, total RNA from spleen and bursa were isolated following the methods recommended by the manufacturer using the RNeasy Mini Plus Kit (Qiagen, Hilden, Germany). Complementary deoxyribonucleic acid (cDNA) was synthesized using the iScript cDNA synthesis kit (Bio-Rad, Hercules, CA). Detection of IBDV load was performed by using primers from the conserved region of VP4 from nucleotide positions 1835-1855 for forward primer (5 0 -ATG CTC CAG ATG GGG TAC TTC-3 0 ) and nucleotide positions 2150-2133 for reverse primer (5 0 -TTG GAC CCG GTG TTC ACG-3 0 ) (19) (First BASE Laboratories, Selangor, Malaysia). The annealing temperatures of the primers were optimized on gradient PCR while the melt curve analysis was set at 70-95 C for 5 sec. A standard curve was generated by using a positive control cDNA of vvIBDV strain UPM0081 stock (10 7.4 EID 50 /ml) to determine the sample viral load. Quantitative PCR was performed using iQ SYBRt Green Supermix (Bio-Rad) in a 20-ll reaction as described recently in the detection of IBDV in bone marrow chicken DCs (40) . The reaction was carried out on a CFX96e Real Time System (BioRad) with the following protocols: 95 C for 5 min, 46 cycles of 95 C for 10 sec, annealing at 58.7 C for 30 sec, and extension at 72 C for 5 sec, and the melt curve analysis was performed at 70-95 C with increments of 0.5 C every 5 sec/step.
Immunohistochemistry staining of paraffin-embedded splenic tissue. The paraffin-embedded sections of the spleen samples were mounted on polysine slides (Thermo Scientific, Darmstadt, Germany) and processed for immunohistochemistry staining (8) , which included the process of deparaffinization, a series of rehydrations with ethanol, antigen retrieval using trypsin, and blocking. VP3 antibody (Abcam, Cambridge, U.K.) conjugated with fluorescein isothiocyanate (FITC) was diluted 1:250 and first stained for 1 hr at 4 C. After washing, the specimens were stained with CD86 (Southern Biotech, Birmingham, AL) conjugated with allophycocyanin (APC) at 1:400 for 1 hr at 4 C. After a wash step, the slides were stained with 4 0 ,6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich) and viewed using a confocal microscope (Olympus, Tokyo, Japan).
Ex vivo isolation of ch-sDCs. Isolation of enriched activated ch-sDCs. DCs were isolated from spleen by negative selection following the method described by Steinman et al. and Quéré et al. (25, 33) . For enriched activated ch-sDCs primary culture, three spleens were pooled as one biologic replicate; hence, a total of nine spleens were used to make three biologic replicates (Fig. 1) . Leukocyte suspensions (100 3 10 6 cells/1ml PBS) were incubated with 100 ll phycoerythrin (PE)-labelled monocyte/macrophage marker antibody (KUL-1) monoclonal antibody (mAb; 0.1 mg) and IgMþ mAb (0.1 mg; Southern Biotech) for the purification of macrophages and B cells, respectively, by using magnetic activated cell sorting (Miltenyi Biotech, Bergisch Gladbach Germany), and these cells were actually discarded. The negative selection method in this study required that cells which passed through the column were most likely comprised of DCs and T cells. Each biologic replicate produced around 50 3 10 6 cells, and trypan blue assay confirmed that more than 90% of the cells were viable. In total, six T-25 tissue culture flasks, each containing 7 3 10 6 cells, were prepared wherein each of three flasks were used for the RNA extraction (viral load and cytokine) and another three for immunophenotyping study, respectively. For the morphology study (light microscope and scanning electron microscope [SEM] ) and the immunofluorescence antibody test (IFAT) study, 3 3 10 6 cells were seeded in a 6-well plate, respectively. In addition to that, one set of macrophages culture based on KUL-1-positive cells were also prepared and used only to compare the morphology of macrophages with isolated ch-sDCs.
The cells were grown in prewarmed Roswell Park Memorial Institute medium (RPMI)-1640 media (Sigma-Aldrich) supplemented with 10% chicken serum (Gibco), 1 U/ml penicillin, 1 lg/ml streptomycin (Gibco), and 1% L-glutamine (Gibco) overnight under 5% CO 2 in a 37 C incubator. Because chicken DCs grow as adherent cells while T cells are suspension cells, supernatants which contained T cells were excluded. Any residual T cells were removed by thorough washing steps and the adherent ch-sDC cells were collected using a scraper. Approximately 2.5 3 10 6 of enriched activated ch-sDCs can be obtained from each T-25 flask and 0.8 3 10
6 cells from each 6-well plate. Morphology and ultrastructure of enriched activated ch-sDCs. The morphology and ultrastructure of the isolated enriched activated chsDCs were assessed by using an inverted microscope (Olympus) and a SEM. In addition, cells that were labeled for splenic macrophages based on KUL-1 antigen were also analyzed in order to differentiate enriched activated ch-sDCs from splenic macrophages, as both of them are adherent antigen-presenting cells. Prior to viewing by SEM, the cells were processed following the method described by Naqi and Millar (22). After mounting, the specimens were viewed using a SEM (JEOL Ltd., Tokyo, Japan) with a setting of 15KV.
Immunophenotyping study. Phenotypes of the isolated enriched activated ch-sDCs were determined using two-color flow cytometry. Mouse anti-chicken mAbs against CD86 and MHC11 (Southern Biotech) were conjugated with APC and peridinin chlorophyll A protein (PerCp; Innova Biosciences Ltd., Cambridge, U.K.), respectively. Briefly, 1 3 10 6 of enriched activated ch-sDCs were incubated for 45 min in the dark. The mean of percentages of stained ch-cDCs were Immunofluorescent antibody test detection. IFATs were performed to localize the expression of VP3 on CD86-positive enriched activated chsDCs using the same set of mAbs as described above. Briefly, enriched activated ch-sDCs were fixed with 4% paraformaldehyde (SigmaAldrich) and subjected to permeabilization with 0.2% Triton X-100/ PBS at room temperature (RT). Blocking with 1% bovine serum albumin (BSA)/PBS was performed for 1 hr at RT and the cells were stained with diluted IBDV9 mAb (1:500) and diluted CD86 mAb (1:500) in the dark for 1 hr at RT. Finally, the cells were incubated with nuclear stain, DAPI (Sigma-Aldrich), and mounted on slides to be viewed under a confocal microscope (Olympus, Center Valley, PA).
RT-qPCR detection of IBDV from enriched activated ch-sDCs. For viral load determination, total RNA from enriched activated ch-sDCs following the infection of SPF chickens with vaccine and vvIBDV strains was isolated and analyzed using RT-qPCR as described above.
Quantification of cytokine levels from enriched activated ch-sDCs. Gene expression studies of enriched activated ch-sDCs were performed using Custom TaqMant Gene Expression Assays (Applied Biosystems, Foster City, CA) by using different primers and probes designed according to previously published sequences, with modifications (15,18) which detected proinflammatory cytokines and chemokines such as IL-1b and CXCLi2 as well as Th1-like cytokines such as IFN-c and IL-12a (Table  1) . Meanwhile, Made-to-Order TaqMant Gene Expression Assays (the sequences of the probe and primers were as designed by Applied Biosystems of glyceraldehyde-3-phosphate dehydrogenase [GAPDH; Assay ID: Gg03346990_g1] and b-actin [Assay ID: Gg03815934_s1]) were used as housekeeping genes in which the data were normalized against both reference genes, and the differentially expressed genes were respectively compared to the control expression based on the DD quantitative cycle values (Cq) approach. Standard curves for each gene were prepared using positive control RNA extracted from HD11 cells (an avian macrophage cell line) treated with lipopolysaccharides (LPS).
The total volume of the reaction was 20 ll, which consisted of 10 ll TaqMan Fast Advance Master Mix (2x), 1 ll Custom/Made-to-Order TaqMan Gene Expression Assays (20x; Applied Biosystems), 2 ll cDNA template, and 7 ll nuclease-free water. The cycling program consisted of an initial activation (denaturation) step at 95 C for 5 min followed by 39 cycles of denaturation at 95 C for 3 sec, annealing at 60 C for 30 sec, and elongation for 20 sec at 72 C, followed by a plate read. Mean Cq were determined based on triplicates. The reactions were run on a CFX96 Real Time System (BioRad). The data were analyzed as described by Bustin et al. (4) .
Statistical analysis. The differences between group means were compared and analyzed by one-way ANOVA followed by a Duncan post hoc test. All quantitative data were calculated using SPSS version 21 (IBM Corporation, Armonk, NY), and the data that produced values of P 0.05 were considered as significantly different from the control or between two different strain groups in the same experiment.
RESULTS
Response of SPF chickens against IBDV infection. No obvious clinical signs or mortality were recorded from the vaccine group but a few chickens were dehydrated and anorexic. On the other hand, for the chickens inoculated with vvIBDV the mortality rate was 40% and most of the chickens were depressed, dehydrated, and anorexic, had diarrhea, and were in the prostration posture prominently at day 2 onward. Grossly, the presence of bursal edema at day 1 pi and atrophy at day 3 were recorded in both the vaccine-and vvIBDVinoculated chickens; however, the changes were more prominent in the vvIBDV-infected chickens. Upon necropsy, the bursal tissues were edematous with petechiae at day 1 pi in the vaccine group while at day 5 pi evidence of bursal hemorrhage and fibrinous exudates was observed in the vvIBDV-infected group.
Control chickens showed no bursal lesions, with intact follicles, and a clear demarcation of medulla and cortex were observed (bursal lesion score 0; Fig. 2 ). In the case of the vaccine strain-inoculated group, intact bursal follicles were observed at days 1 and 2 (Fig. 3) . However, bursal lesions of ,2 were observed throughout the study, and the average bursal lesion scores were higher at day 5 pi compared to day 3 pi. Mild degeneration and necrosis of the 
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lymphoid cells in a few follicles were observed on days 3 and 5 pi. However, the bursae of vvIBDV strain-infected chickens were severely affected, with bursal lesion scores ranging from 1 to 4. Mild to moderate degeneration and necrosis of the lymphoid cells were observed at days 1 and 2 pi. On average, bursal lesion scores at days 3 and 5 pi were the highest, as evidenced by moderate to severe depletion of lymphoid cells in the follicles, and the interstitial space was filled with inflammatory cells (Fig. 4) .
The IBDV loads on spleen and bursa tissues were quantified using RT-qPCR. At day 1 pi of vaccine-inoculated chickens, neither the bursa nor spleen were positive for IBDV. At day 2 pi, only bursae of vaccine strain-inoculated chickens were negative for IBDV, but bursae of vvIBDV-infected chickens and spleens of both vaccineand vvIBDV-inoculated chickens were positive for IBDV. However, at days 3-5 pi, both groups were positive for IBDV. Similar results were observed with the vvIBDV-inoculated chickens, except that bursae of vvIBDV-inoculated chickens were positive for IBDV at day 1 pi (Table 2 ). In addition, the vvIBDV-infected chickens showed higher viral loads compared to the vaccine-inoculated chickens (P , 0.05). Immunohistochemistry analysis of the spleens from the vaccine-and vvIBDV-inoculated chickens showed the presence of IBDV colocalized with CD86-positive cells (Fig. 5) . However, because the assay was performed on tissue sections, the cells that were detected as positive were not all DCs, as CD86 is also expressed on activated B cells and macrophages.
Morphology of enriched activated ch-sDCs following IBDV infection. DCs and macrophages derived from the spleen of the infected chickens were distinct in their morphology and ultrastructure (Figs. 6, 7) . Under an inverted microscope, enriched activated ch-sDCs appeared oval and veiled-shaped following IBDV infection; meanwhile, the splenic macrophages appeared round-shaped and bigger compared to uninfected splenocytes. Additionally, ch-sDCs grew in clusters while splenic macrophages grew individually. Based on SEM, the enriched activated ch-sDCs had a more-prominent stellate shape, especially following infection with vvIBDV, while hair-like protrusions were evidenced on the infected macrophages. Two-color flow cytometry analysis indicated a more than 90% purity of enriched activated ch-sDCs from both groups. Figure 8 shows that the enriched activated ch-sDCs expressed double positive MHCII and CD86 antigens, which are known as DC maturation markers. Increased expressions of both markers on enriched activated ch-sDCs were detected at day 2 in vvIBDV and at day 3 in vaccine strain-inoculated groups. However, higher expressions of the markers were detected in the vaccine strain-inoculated enriched activated ch-sDCs as compared to the vvIBDV-infected enriched activated ch-sDCs at day 5 pi (P , 0.05).
Expression of IBDV on enriched activated ch-sDCs. Two-color flow cytometry was used to analyze the expressions of IBDV VP3 and CD86 on the surface of enriched activated ch-sDCs. As shown in Figure 9 , no VP3 expression was detected in the first 2 days following IBDV infection. However, at day 3 pi, 9.14% and 10.71% of the enriched activated ch-sDCs in vaccinated and vvIBDV-infected groups, respectively, expressed both antigens. At day 5 pi, the expression levels further increased, ranging from 30% to 40% in both groups (Fig. 9) . Figure 10 shows the colocalization of IBDV VP3 and CD86 antigens on vaccine-and vvIBDVinoculated enriched activated ch-sDCs based on IFAT. Quantification of IBDV copy numbers of enriched activated ch-sDCs Fig. 4 . Microscopic bursal lesion scores at days 3 and 5 pi (magnification 6003). The D78-infected group showed mild degeneration and necrosis of lymphoid cells in a few follicles, especially in the medulla, which are visible. The vvIBDV-infected group showed moderate to severe depletion of lymphoid cells in the follicles. Lymphoid cell aggregations were found in the cortex of some follicles and necrotic cells and cysts were present in some follicles, especially in the medulla. The interstitial space was infiltrated with inflammatory cells and well packed with fibrinous connective tissue. (following IBDV infection and based on RT-qPCR) showed that no IBDV loads were recorded at days 1 and 2 pi of either vaccine strain inoculation or vvIBDV infection (Table 3) . However, IBDV were readily detected at day 3 pi in both groups, with the viral load being higher in the vvIBDV group compared to the vaccine group (P ,0.05).
Cytokine expressions of enriched activated ch-sDCs following IBDV infection. The expressions of proinflammatory cytokines such as IL-1b and CXCLi2 (IL-8), as well as Th1-like cytokines such as IFN-c and IL-12a, were measured on enriched activated ch-sDCs following IBDV infection. During the first 2 days pi, there was no clear indication that the expressions of the cytokines were upregulated. In fact, at day 1 pi some of the cytokines (such as IL-1b, CXCLi2 and IFN-c) were down-regulated following IBDV infection. The expression of IL-1b and CXCLi2 showed an increasing pattern starting from day 2, and the highest expression was detected on day 5 in both groups (Fig. 11) . Nevertheless, the differences of the expressions of IL-1b between the vaccine and vvIBDV groups were not significant at days 2, 3, and 5 pi but, in the CXCLi2 cytokine expressions, they were significantly higher in vvIBDV group compared to the vaccine group at days 3 and 5 pi (P , 0.05). On the other hand, the expressions of the Th1-like cytokines showed an up-regulated pattern at day 3 pi in both groups, and expressions of both cytokines were significantly higher in the vvIBDV group (P , 0.05; Fig. 12 ).
DISCUSSION
Infectious bursal disease virus (IBDV) is an immunosuppressive agent that targets different lymphocytes, namely B cells and macrophages (16, 39) . Recently we have shown that vvIBDV is able to stimulate in vitro bone marrow-derived DC (BM-DC) maturation and replication in BM-DCs and can induce the production of Th1-like and proinflammatory cytokines (42) . In another recent study, in vitro stimulation of BM-DC with killed IBDV vaccine strain induced more matured DCs than did live vaccine (20). However, in vivo study on the involvement of DCs is lacking. In addition, in vivo isolation of chicken DCs is challenging, as no definite chicken DC markers exist to distinguish immature and matured DCs in secondary lymphoid organs. Therefore, in this study DCs were isolated ex vivo from the spleen by excluding other lymphocytes, namely B cells, macrophages, and T cells, following D78 vaccine strain inoculation and UPM0081 vvIBDV strain infection. As expected, the SPF chickens inoculated with the vaccine strain showed no abnormalities except for mild bursal lesions; however, vvIBDV-infected chickens showed severe clinical signs, including mortality, with bursal lesion scores ranging between 3 and 4. These findings are well in agreement with previous studies that characterized the D78 vaccine and European vv strains CS89 and 849VB in inoculated chickens (14, 38) . In terms of the viral load, both groups showed replication of IBDV in the spleen and bursa, with the virus titer being higher in the vvIBDV-infected chickens. The higher viral load in the vvIBDV-infected group was expected because the clinical presentation of the chickens in this group was more prominent, as well as because higher bursal lesion scores were recorded. Previous studies have indeed shown that virulent strains of IBDV have higher virus replication kinetics in chick embryo fibroblast cells compared to less virulent strains, which explains the higher load of IBDV observed in this study, particularly in the vvIBDV group (36).
The primary adherent-enriched activated ch-sDCs cultures were grown overnight and the cells were harvested by washing thoroughly to exclude any residual suspension T cells. Most of the published studies showed that overnight cultures of splenic or bone marrow DCs derived from murine or human models are more reliable, and if the cells are cultured for more than 24 hr, they will further differentiate into a different phenotype, and the viability of the cells may drop dramatically (31) . Therefore, freshly isolated cells were actually recommended, but because there are no distinct antibodies so far to isolate chicken DC, overnight culture was performed and the morphology of the seeded adherent cells was used as a frontline confirmation that the isolated cells are activated DCs; this was further verified with immunophenotyping, characterized based on the expression of IBDV and cytokine genes. From this study, enriched activated ch-sDCs can be distinguished from splenic macrophages, based on the presence of obvious extensions of cytoplasmic processes, while splenic macrophages were more rounded in shape with hair-like protrusions found on the membrane (Figs. 6, 7) . In addition to morphology, immunophenotyping is used to further verify the isolation of enriched activated ch-sDCs. A study by Hansell et al. (11) characterized enriched activated ch-sDCs following Salmonella serovar Typhimurium strain F98 based on the expressions of CD83 and MHCII antigens while, in this study, the phenotype of enriched activated ch-sDCs was characterized based on the expressions of double positive MHCII and CD86, the maturation and activation markers of chicken DCs (41) . By means of negative isolation and exclusion of B cells and macrophages, based on use of specific markers and exclusion of suspension T cells via thorough washing, enriched activated ch-sDCs cells were scraped off. More than 90% purity of splenic DCs was obtained, and it is anticipated that around 5%-10% of the cells might be contaminated with macrophages because DCs and macrophages are both adherent cells, and there is a possibility some of macrophages were not being captured by KUL-1 antibody. Double positive expressions of MHCII and CD86 cells, which were low during the first 2 days pi in both the vaccine and vvIBDV-infected chickens, started to increase at day 3 pi, suggesting the enriched activated ch-sDCs In murine DCs, there are three populations of DCs that exist in lymphoid organs, all of which serve different functions upon infection, namely plasmacytoid DCs, lymphoid DCs, and myeloid DCs located at different areas wherein plasmacytoid DCs are believed to play crucial roles during viral infection (3) . Previous studies have shown that the increase in plasmacytoid and lymphoid DCs in the spleen of mice infected with herpes simplex virus in vivo was associated with the high level of virus titer (2) . Meanwhile, in this study enriched activated ch-sDCs might be permissive to IBDV infection, based on the evidence of viral replication in RT-qPCR, and be further verified by the expression and colocalization of VP3 proteins, DC markers, and CD86 based on flow cytometry analysis. These findings indicate the involvement of enriched activated chsDCs during IBDV infection. However, no IBDV antigen was detected in the first 2 days following IBDV infection (Table 3 ). This finding is also supported by flow cytometry where the majority of the cells do not express IBDV. The actual reason for this observation is not known, but probably the initial function of ch-sDCs is impaired by the virus infection. Furthermore, IBDV is a virus that can cause immunosuppression due to its tropism to B cells and macrophages. Similar findings were reported in the response of DC to herpes simplex virus, a response that was initially delayed due to impairment of the function of DCs (24). In addition to this, herpesvirus type 4 was detected at day 3 onward in the case of murine DCs (10) .
In this study, elevated cytokine levels such as IL-1b, CXCLi2 (IL-8), IFN-c, and IL-12a were detected in the enriched activated ch-sDCs at day 3 pi following D78 vaccination and UPM0081 vvIBDV infection. However, the expressions of these cytokines in the vvIBDV-infected chickens were significantly higher compared to vaccine straininoculated chickens, which further explained the higher viral load, severe bursal lesions, and clinical signs observed in this group. Previous studies have demonstrated the expression of similar cytokines from blood monocytes and splenic and bursal macrophages, as well as from bursal T cells of IBDV-infected chickens (12, 17, 23, 27) . Infiltration of macrophages and T-cells in the bursa may cause tissue destruction; however, these are important for recovery of the chicken (13) . Therefore, this study indicates that besides macrophages, activated splenic DCs are probably important in the induction of a proinflammatory response that is subsequently involved in the activation and recruitment of T-cells to sites of virus replication during IBDV infection and in promotion of cell-mediated immune responses. This finding is in line with a recent study on in vitro activation of BMDCs following vvIBDV infection (42) . In conclusion, IBDV is able to replicate and stimulate the maturation of splenic DCs and produce strong inflammatory and Th1-like cytokine responses upon vvIBDV infection as compared to the vaccine strain.
